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A LDBRICANT-COOtED AND WRISTPIN LUBRICATING PISTON 



FTRT-D Off TWP T AJVENTrON 

The invention relates to pistons for internal combustion engines, and more 
5 particularly to lubricant cooled pistons fiw internal combustion engines. 

B ACKGRQUNn OF THE INVENTTOTsT 
Internal combustion engines generally include a piston that is mounted for 
reciprocation within a cylinder. The piston is coupled to a crankshaft by a connecting rod 
10 such that tiie reciprocation of «ie piston rotates the crankshaft. One end of the connecting 
rod is rotatably connected to a crankpin of the crankshaft and the other end of the 
connecting rod is connected to a wistpin of the piston. The wris^in can be rotatably 
connected to ifae piston and rigidly connected to the connecting rod such that the 
connecting rod and wris^in rotate relative to flie piston as the piston reciprocates wiflun 
15 thecylinder. Alternatively, the wiistpin can be rigidly connected to the piston and 

rotatably connected to the connecting rod so that the connecting tod rotates relative to flie 
wris^m and the piston as tiie piston reciprocates wifliin the cylinder. 

A number of different methods are used to lubricate the wristpin bearing surfece. 
TypicaUy, a hole drilled in the connecting rod teansports lubricant suppUed from flie 
0 cranlq>intothewris^in. When &e connecting rod is rotatably connected to the mistpin. 
the hole suppHes lubricant direcfly to the bearing surfece between &e comiecting rod and 
IhewrisQMn. When the connecting rod is rigidly connected to fliewristpin, the hole directs 
lubricant to a passageway tiawugh the wris^ to supply the lubricant directly to the 
bearing surfece between the piston and fee wris^m. 

5 I* *s also known to introduce luMcant into mtebal passageways within the piston 

to cool the piston during operation of fee engme. Typically, a collimated jet of oil from an 
h«*ection nozsde is directed mto fee cooling passageways to remove heat from fee piston, 
hi some configurations, fee lubricant exits fee coolmg passageways from fee underside of 
fee piston and fells toward fee wris^in to assist in lubricating fee wristpm bearing 

) surfeces. For example, fee top of fee connecting rod can include a hole that catches fee 
exiting lubricant and feat directs fee lubricant to fee bearing surfece between fee 
connecting rod and fee wristpin. HistoricaUy, fee wris^m has been spaced a distance 
from fee lower surfece of fee piston and feerefere fee configurations disclosed in the prior 
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art are incapable of directly lubricating the wrislpin bearing surfeces vnfh the hihricant 
exiting Ibe cooling passages. 

SUMMARY OF TEm INVFNTTn>J 
The piston of &e present invention uses lubricant for dual functions by diverting 
lubricant through the piston to cool the piston and to directly lubricate the bearing surfeces 
of flie piston and a wristpin. The piston also reduces engine manufecturing costs by 
eliminating the need to drill holes through the connecting rod and wristpin while stiU 
providing direct lubrication to wristpin bearing surfeces. 

One embodiment of the present invention is directed to piston mcluding a skirt 
having a centrally-located threaded bore and a crovwi that is threadingly connected to the 
centralboretocoverthetopoftheskirt. The skirt includes an annular sh^ed groove and 
|. ^l"^ricationinletholeinfluidflowcommunicationbetv(^thebottomoffiieskirtand 
the annular groove. Six lubrication holes ate in direct fluid communication between flie 
15 annulargrooveandabearingsuifeceonthebottomoftheskirt. Two bypass holes are in 
g fluid communication between the annular groove and the central bore. A central 

I ^"^n«a«<»^»<>Ieisinflmdcomn«micationwithlhecenliaIboreandlhebeari^ 
U the skirt. 

During operation of a two-stroke engme according to anothCT embodiment of the 
mvention, a collimated jet of hibricant enters mto the ammlar groove through the inlet hole 
to cool the piston. From the annular groove, a portion of the lubricant flows down through 
the six lubrication holes to lubricate the bearing surfeces of the skirt and the wristpin. 
Another portion of the lubricant flows ftom lie annular groove through the two bypass 
holes and into the central bore. The remaining portion of the lubricant exits the annular 
groove through an exit hole. From the central bore, the lubricant flows through the cential 
lubrication hole to hibricate the central portion of the bearing surfaces of the skirt and the 
wristpin. 

Other features and advantages of the invention will become apparent to those 
skilled in the art i^n review of the following detailed description, claims, and drawmgs. 
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BRIEF DESCRTPTrn N OF THR PR A WT>jr,.<; 
Fig. 1 is a partial cross-section view iUustrating an engme having a piston assembly 
embodying the present invention. 

Fig. 2 is a cross-section view ^dken along line 2-2 of Fig. 1. 



Fig. 3 is a cross-section view taken along line 3-3 of Fig/2. 

Fig. 4 is an exploded view illustrating the piston shown in Fig. 1. 

Fig. 5 is a top view ofa skirt ofthe piston shown in Fig. 1. 

Fig. 6 is a cross-section view taken along line 6-6 of Fig. 5. 

Fig. 7 is a cross-section view taken along line 7-7 of Fig. 6. 

Before one embodiment of flie invention is e9q>lained in detail, it is to be 
understood that the invention is not limited in its application to the details of construction 
and the arrang^ents of the components set fcnlh in the following description or illustrated 
in the drawings. The invention is capable of otiber embodiments and of being practiced or 
being caiiied out in various ways. Also, it is understood that the phraseology and 
terminology used herein is for &e purpose of description and should not be reg^ded as 
limiting. The use of "including'' and **comiMising" and variations thereof herein is meant 
to CTLCompass the items listed thereafter and equivalents thereof as well as additional items. 
The use of **cansisting of* and variations thereof herein is meant to encompass only the 
items listed thereafter. The use of letters to identify elements of a method or process is 
simply for identification and is not meant to indicate that the elements should be 
performed in a particular order. 

DETAILED DESCRIPTION 

Fig. 1 illustrates a section view of an internal combustion engine 10 in which one 
embodiment of the present invention is employed The engine 10 is a two-stroke, diesel 
aircraft engine, however, it should be understood that the present invention can also be 
used in other engines. 

The engine 10 includes an engine block 12 at least partially defining a crankcase 
14 and a cylinder 1 5. A cranksihaft (not shown) is rotatably stqyported within the 
crankcase 14 and uicludes a craiik pin 16. One end 1 8 of a connecting rod 20 is rotatably 
coiq>led to the crank pin 1 6, and fiie other end 22 of the connectmg rod 20 is coupled to a 
piston 24 located within the cyhnder 15 for reciprocation within the cylinder 15. A 
Qrlinder head 26 is ihreadingly engaged to the ^gine block 12 to cover the cylinder 15- A 
fiiel injector 28 extends through the QrUnder head 26 and injects ftiel uito a combustion 
chamber 30 defined by the cylinder head 26, the cylinder 15, and the piston 24. 

As best illustrated in Fig. 4, the piston 24 includes a skirt 32 and a carown 34 
connected to the top of the skirt 32. The crown 34 is generally disc-sh^ed and includes a 
top surface configured to correctly direct the motion ofthe charge from the fiiel injector 28 



within the combustion chamber 30. With fturfher reference to Fig. 2, the bottom sur&ce of 
the crown 34 includes a centrally-extending threaded boss 40 and a downwardly-extending 
flange 42 about the periphery of the crown 34, The boss 40 includes a bore 44, and the 
bottom surface includes an annular groove 46 between the flange 42 and the boss 40, 
5 Referring back to Fig. 4, the skirt 32 includes a graerally disc-shaped top portion 

48 and a cylindrical waU SO extending downwardly from the periphery of the to^ 
48. The upper sur&ce of the top portion 48 includes a recessed edge S4 along the 
pe]:q)hery, a centrally located threaded bore 56, and an annular groove 58 located between 
the central bore S6 and the recessed edge 54. A first anmxlar wall 60 separates the amnilar 
^ 10 groove 58 and the central bore 56, and a second annular wall 62 separates the annular 
. groove 58 and the recessed edge 54. The upper sur&ce includes a first recess 64 within 

the annular groove 58 on one side of a c^tral axis 66 and a second recess 64 within the 
annular groove 58 on the opposite side of ^e central axis 66* As shown in Fig. 3, the 



^1.. bottom siu&ceofthe top portion 48 includes a raised portion 70 that include 



O 15 . bearing sur&ce 72. The bearing surface 72 ext^ds along a longitudinal axis 74 between a 

m 

5i first aperture 76 on one side of the wall 50 to another aperture 74 on the other side of the 

tti wall 50 (Fig. 2). As shown hi Fig. 3, the longitudinal axis 74 defines a longitudinal plane 

PI 78, and the interior side 80 of the wall 50 and the lower surface of tiie skirt 32 define a 

sldrt cavity 82. 

20 Referring to Figs. 5 and 6, the top portion 48 includes an inlet hole 84 located on 

one side of the central axis 66 and an exit hole 85 located on the other side of the central 
axis 66 opposite to tiie inlet hole 84. The inlet hole 84 and the exit hole 85 extend between 
the axmular groove 58 and the lower surface of tibie skirt 32 to fluidly communicate 
between the annular groove 58 and the sldrt cavity 82. The inlet hole 84 and the exit hole 

25 . 85 taper in the direction toward the annular groove 58. 

Referring to Figs. 5 and 7, the top portion 48 also includes a first passageway 86 on 
one side of the central axis 66 and a second passageway 86 located on the other side of the 
central axis 66 opposite to the first passageway 86. The passageways 86 fluidly 
communicate between the annular groove 58 and the central bore 56* More specifically, 

30 each passageway 86 includes a diameter of . 1 87 inches and angles downward firom a first 
ead located adjac^t to the bottom of the annular groove 58 to a second end located 
aigacrat to the bottom of the central bote 56. As shown in Fig. 7, each passageway 86 
defines an angle a, which preferably equals approximately 50 degrees. 
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As shown in Figs. 2 and 5, the top portion includes outer lubricating holes 88 
located near the aimular wall 62. The outer lubricating holes 88 include a Srst pair on one 
side of the caitcal axis 66 and a second pair onihe olher side of the central axis 66 
opposite to the first pair. Each pair includes a first out^ lubricating hole 88 offset a 
5 distance fiom the longitudinal plane 78 and a second outer lubricating hole 88 offeet a 
similar distance on the opposite side of the longitudinal plane 78. Each outer lubricating 
hole 88 extends between the bottom suifece of the annular groove 58 and the beaimg 
surfece 72 to fluidly communicate between the annular groove 58 and the skirt cavity 82. 
^ I'igs- 2 and 5, the top portion 48 mcludes two mteimediate lubricating 

I IQ holes 90 located within the recesses 64 along the longitudinal plane 78. The intermediate 
I . lubricating holes 90 extend between the bottom surfece ofthe recess 64 to the beamg 
I ^°^72tofluidlycommumcatebetweentheannulargroove58andthesldrtcavily82. 

With reference to Figs. 2. 3 and 5, the top portion 48 mcludes a cental hibricating 
H. hole92 locatedwithinthec«ilialbore56along1hecenlralaxis66andthelongitudinal 

15 plane78. The central lubricating hole 92 extends between the bottom surfece of the 

central bore 56 and the bearing surfece 72 to fluidly communicate between the central bore 
56 and the skirt cavity 82. Preferably, each of the lubricating holes 88, 90. 92 includes a 
p . diameter of ^>proximately , 125 mdies. 

As best shown in Figs. 2 and 3, the crown 34 is connected to the skirt 32 by 
20 threading the boss 40 into fte bore 56 such fliat flie flaAge 42 is forced against the recessed 
edge 54 to form a seal. When the crown 34 and ddrt 32 are comiected, the annular 
grooves 46, 58 align to define an annular gaUery 94, and the bore 44 combines with the 
central bore 56 to define a central cavity 96. The illustrated annular grooves 46, 58 are 
only one example of how the amiular gaUery 94 could be formed, and other annular 

25 8aUeriesf<mnedwi1hamiulargroovesofvaiyingdepthsarewithinthescopeofthepresen^ 
invention. Additionally, the amiuIar gaUery 94 can be formed entirely by the annular 
groove of the skht 32 or the crown 34. Similarly, the central cavity 96 can be formed 
entirely within the skirt 32, crown 34, or any combination of recesses on the skirt 32 and 
the crown 34. It should also be noted that the positions of the hoUow boss 40 and the bore 

30 56 could be reversed such that the hollow boss 40 is located on the skirt 32 and the bore 56 
is located on the crown 34. Other melhods of comiecting the crown 34 and the skirt 32 to 

form the annular gallery 94 and fee central cavity 96 are known to those dolled m the art 
and are within the scope of the present invention. 
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With additional reference to Fig. 4, a wristpin 98 is positioned through both 
apertures 76 and is rotatably supported by the wall 50. The wristpin 98 is a cylindrical 
tube having an exteri(»r sur&ce and an interior sur&ce separated by a thickness. Hie upper 
portion of the exterior surface defines abearing sur&ce 100 that is in direct contact vnQi 
the bearing sur&ce 72. Hie lower portion of the wristpin 98 includes two holes 102. 

The end 22 of the connecting rod 20 includes an arcuate portion 104 that contacts 
the lower portion of the wristpin 98. The arcuate portion 104 has an arcuate extent that 
extends about 180 degrees. A pkorality of fasteners 106 ext&cid through holes 108 in the 
arcuate portion 104 and into the holes 102 of the wristpin 98 to secure the wristpin 98 to 
the arcuate portion 104. Hie connectmg rod 20 andtibe wristpin 98 could also be 
connected by extending the fasteners 106 into an annular wristpin ms&t (not shown) 
positioned within the wristpin 98 adjacent to the interior surface. 

As best illustrated in Fig. 3, because the end 22 of the connecting rod 20 does not 
encircle the wris^in 98, the bearing surface 100 of the wristpin 98 directly contacts the 
bearing surface 72 of the skirt 32, This allows the upward forces of the wristpin 98 to be 
evenly distributed along the entire bearing surface 72 of the raised portion and the 
downward forces of the piston 24 to be evenly distributed along the entire bearing surface 
100 of the wristpin 98. The mcreased area of the bearing surfaces 72, 100 minimizes 
uneven wear on the bearing surfaces 72, 100 during operation of the engiue 10. 

During operation of the enguie 10, &e piston 24 reciprocates in response to 
explosions within the combustion chamber 30 th^eby rotating the crankshaft throu^ the 
connecting rod 20. As the piston 24 moves toward the crankshaft, a collimated jet of 
lubricant is propelled ftom an injection no2zle (not shown) into the skirt cavity 82 where 
the lubricant is directed into the inlet hole 84. The lubricant passes through the inlet hole 
84 to collect into the annular gallery 94. As the luMcant flows in the annular gallery 94, 
the lubricant absorbs the heat of the piston 24, thereby removing heat ftom the piston 24 to 
cool the piston 24. From the annular gallery 94, the lubricant flows out of the lubrication 
holes 88, 90, 92, flows into the passageways 86, or flows out of the exit hole 85. The 
lubrication that flows from the outer lubrication holes 88 flows directiy to the bearing 
surfiice 72 offset from the longitudinal plane 78 to lubricate the bearmgsurf^ 100 of 
the wristpin 98 and the skirt 32. The lubricant that flows from the intermediate lubrication 
holes 90 flows directiy to the bearing sur&ce 72 along the longitudinal plane 78 to 
lubricate the bearing surfaces 72, 100 of the wristpin 98 and flie skirt 32. The recesses 64 
within the annidaf groove 58 accumulate lubricant iii order to concentrate flow of lubricant 
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through the intermediate lubrication holes 90 and along the centerline of the bearing 
surfaces 72, 100, i.e., along the longitudinal plane 78, 

The portion of the lubricant that flows through flae passageways 86 collects in the 
central cavity 96. Frona the central cavity 96, &e lubricant flows through the central 
5 lubrication hole 92 durectly to the center of the bearing surface 72 along the central axis 66 
to lubricate the bearing sur&ces 72, 100 of the wris^in 98 and the skirt 32* 

Lubricant flows directly txmx the annular gallery 94 of the piston 24 to the bearing 
surfaces 72, 1 00 of the wristpin 98 and the skirt 32 to thoroughly lubricate the bearing 
surfaces 72^ 100. This is advantageous over known lubrication systems because known 

10 syst^tns expel cooling lubricant from a piston to a wristpin that is spaced a distance from 
the lower surface of the piston. Ihe distance between the lower sur&ce of the piston and 
the wristpin makes it difScult to control the flow of the lubricsmt toward the wristpin 
bearing surface. In contrast, the lubrication system of the present invention precisely 
directs the lubricant exiting the piston annular gallery 94 between the bearing surfaces 72, 

15 100 of the wristpin 98 and the skirt 32. 

The foregoing description of the present invention has been presented for purposes 
of illustration and description. Furfliennore, the description is not intended to limit flie 
invention to the form disclosed herein. Consequently, variations and modifications 
commensurate with the above teachings, and the skill or knowledge of the relevant art, are 

20 within the scope of the present invention. The embodiments described herein are furflier 
intended to e7q>lain best modes known for practicing the invention and to enable o^ers 
skilled in the art to utilize the invention in suchL, or oth^, embodiments and witii various 
modifications required by the particular applications or uses of the present invention. It is 
intended that the appmded claims be construed to include alternative ^nbodiments to the 

25 extent pennitted by the prior art 
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